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TITLE: VARIABLE POSITIVE DISPLACEMENT 
FLUID MOTOR/PUMP APPARATUS 



Technical Field 

5 



This invention relates to variable displacement fluid motor/pump 
apparatus and more particularly to those of the axial piston type. 

Background of the Invention 

10 hav. T"" ""^Placement fluid n,otcr/pun,p units 

have been >„ ex.st.nce for ^^y ye„s. Howevex, they have been 
~d to rather United appHeatlon because of one or .ore desH 
Wagons. The prior art a^al piston variabie dispUce„ent fl^d 
motor/pu^p umts-have feaeraily been limited by one or a,ore of th. 
fo.lo„.n^ des.p, HMtations: inefficiency of operation at low speeds 
particularly below 500 revolutions per n-inute; the veneration of 
unacceptable levels of nm'^o- v, . generation of 

„ . ""^^^ highly susceptible to particle 

con,a.,„a..on in .he fluid, inability ,o operate effldentiy at^^h 
speeds; inability to operate efficiently over a very wide range o^ 

20 2TJ'\ ^' '^'^ ^^""'^"^ "'^ '■^^ °^ -P--'- - -^aple 

20 thrus, bearinjs; the high weight to pulping displacement ratio; the 
subatantial cost with respect to the amount of pulping displace^el^ 
he uiordina e amount of rotating .ass requiring large bearings and 
Shafts.- and limited operational life before major repairs are required 
25 be. 1""" " "='«'"'-hood of 10 to 20 microns have 

been known to cause premature mechanical failures because of the 
excessively large mechanical loads between .he traditional piston shoe 
wear plate, valve ports and wear plate Interfaces 

The principal objective of .he present appUcatioa is to overcome 
many, if no. all, of the previous design limi.a«ons. A further 
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objectnre is to provide such a unit that can operate efficiently over a 
wide range of speeds. 

The present invention provides for higher efficiencies of the 
apparatus over., a wider range of speeds including- continuously 
variable speedis at any desired flow rate with a substantial increase , in' 
5 operation between maintenance periods. Furthermore, tlie present,* 
invention provides a system for equalizing forces within the unit to 
reduce the numbers and size of beaxings and shafts which in turn 
substantially reduces the weight to displacement ratio. Additionally, 
the present invention greatly increases the variety of applications and 
10 alternative modes of operation from a single mechanical device- 

These and other objects and advantages of this invention will 
become apparent upon reading the following detailed description of a 
preferred embodiment. 

15 Brief Description of the Drawings 

The preferred embodiment of this invention is illustrated in the 
accompanying drawings, in which: 

Fig. 1 is a schematic longitudinal cross-sectional view along a 
main axis of the apparatus illustrating a plurality of aixially oriented 
20 double ended piston rods communicating with opposed tiltable annular 
cylinder barrels; 

Fig. 2 is a schematic longitudinal cross-sectional view taken 
along line 2-2 in Fig. 1; 

Fig. 3 is a transverse cross-sectional view taken along line 3-3 
25 in Fig.. 1; 

Fig. 4 is a cross-sectional view taken along line 4-4 in Fig. 1; 
Fig. 5 is a cross- sectional view taken along line 5-5 in Fig. 1; 
Fig, 6 is a side view illustrated along lines 6-6 in Fig. 5; and 
Fig. 7 is a schematic longitudinal cross-sectional view along the 
30 main axis similar to Fig. 1 except showing alternate features. 

Detailed Description of Preferred and Alternate Embodiments 

Referring now in detail to the dramngs, there is illustrated in 
Fig, 1 a variable displacement fluid motor/pump apparatus generally 
35 designated with the numeral 10 having a housing 12 enclosing internal 
components of the apparatus. The housing 12 has ends 13, 14 with a 



f OM?I 

WlPO 



SDOCrD: <WO 8103677AlJ„> 



. wo 81/03677 

----- PCT/US8 1/00771 

3 

central cylindrical housing wall 15 (Fio- 21 t>,^ 

cni+ahi« r . = ^ {j:ig. 2). The apparatus 10 is 

sm^aWe for use „„h compressible fluids as weii as nonco.pressible 
flmds. For purpose of example, the apparatus- 10 wili be described 
ui terms of hydrauac fluid, si.ce most applications „ia i„.olve 
5 noncompressible fluids.. mvoive 

The fluid motor/pump apparatus 10 includes a main shaftn? that 
extends between ends 19 and 20 that are supported by thrus 

19 and 20 have shoulders 23 and 24 formed thereon for engaging the 
10 thrust bearings. In the configuration illustrated in Pigs, l^d 2 
the coaxal ends 19 and 20 extend through the housing ends 13 and 

14 for connection to other drive systems. 

■Hus.J'^'. " ^ '"9-- -ans 

25 mounted on the main shaft 17 intermediate the ends 19 end 20 The 
career 30 performs a function similar to that of a sprocket for 

The earner 30 deludes an inner hub 32 affixing the carrier 30 to the 

20 angular displacement of the shaft 17. The carrier 30 includes an 
outer periphery 33. The apparatus 10 includes piston rod supped 
means 35 adiacen. the outer periphery 33 of the carrier 30 I 
supporting a plurality of double ended piston rods 37 in a 
substannally axial orientation with respect to «.e main axis 18. The 
25p.sto„ rod support means' 35 supports the double ended piston r!ds 
37 radially spaced from the main shaft axis and a. angulLy spL=d ' 
positions about the main shaft axis.. Preferably, the p^ton rods 
are evenly angularly spaced about the main shaft axis 18 

aome.nj'^t 35 includes a restrictive guide 

30 means 3S operatively interconnecting the double ended piston rod^ 37 

Tard " " - — -^a^y 

nward and out„ard witl^respect to the main a^s of ,he shaft 17 bul 

^o prevent the double ^ed piston rods 37 f.n • 

,.„„„, ,„ . °° '^o''^ f^O'" moving axially with 

lespect to the main shaft 17 t-^^ ^ 
lie , '■^ euide means 39 permits a small 

3S degree of circumferential movement to accommodate certain eccentr,"^ 

Of movement of the piston rods 37. enincuy 

The restrictive g^ide means 39 preferably includes a ball and 
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socket arrangement 40 (Fig-, 6) that includes socket slots 41 formed 
radially in the outer periphery 33 having cylindrical surfaces 42 (Fig. 
6)^ The ball and socket arrangement includes an enlarged ball 
portion 45 that is formed as part of the double ended piston rods 37 
5 intermediate piston rod ends 47 and 48. The enlarged ball**^ section 45 
slides along the cylindrical surfaces 42 to enable the piston; rods 37 to 
move radially and slightly circumferentially with respect to the main 
axis as the main shaft 17 rotates. Additionally, the piston rods 37 
may pivot about the ball 45 to accommodate varying orientation of the 
10 piston rods- However, the cylindrical surfaces prevent the double 
ended piston rods 37 from moving axLally. Other types -of restrictive 
guide means 39 may be utilized, other than the T^all and socket 
arrangement 40 to enable the piston rods 37 to move radially and 
slightly circumferentially with respect to the Tnain shaft 17 but not 
15 axiaUy, 

Pistons 51 and 52 are mounted at opposite ends 47 and 48 
respectively of each double ended piston rod 37. The piston rod 
ends 47 and 48 are operably connected to the pistons 51 and 52 
through pivotal connections 54^ to enable the pistons 51 to be 
20 angularly displaced with respect to the 'axes of the piston rods 37. 

The apparatus 10 further includes two annular cylinder barrels 
60 and 61 that are symmetrical about respective barrel axes 62 and 
63. Each of the annular cylindrical barrels 60, 61 have a plurality of 
piston cavities 65 formed therein in an axial direction with respect to 
25 barrel axes 62, 63, The cavities 65 extend inward from an annular 
face wall 71 toward an annular end bearing wall 72. Each annular 
cylinder barrel 60, 61 includes an outer annular wall 68 and an inner 
annular wall 69. The number of piston cavities in each annular 
cylindrical barrel 60, 61 corresponds to the number of double ended 
30 piston rods 37 with a piston 51 or 52 positioned within each piston 
cavity 65 . 

Each annular cylinder barrel 60, 61 includes a fluid port 74 
extending from the piston cavity 65 to the outer annular wall 68 as 
illustrated in detail in Fig. 4, The fluid port has a wide port 
35 opening in the outer annxilar wall 68. Each of the piston cavities 65 
includes an enclosed end 77 adjacent the annular end bearing wall 72, 
Each of the piston cavities 65 includes a cylindrical wall 80 for sliding 
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along the axially stationary pistons 51, 52. 

The apparatus 10 further includes annular barrel carrier 
. asse.bi.es 8. an. 85 for supporting the annular cylindrical .arreTs SO 
and 61 respectively annularly about the .ain shaft 17 Each of the 
assemblies 84 and 85 are formed in . . „ 
5 a. inner annular side wa^ 87 and ^""'^"^^^^ -nfi^ration having, 
wan 87 for.s a belljllrthr 1"' ''^ ^"^^ 

annular wall 68 of the Lrei^O 61 TT'"^^ " 

. , ^ . oarrels 60, 61. Each of the assemblies 8^ 85 

»aU 72. E-h assembly 85 further includes ou,« end wa:: 90 I 
10 bearing .eans 92. such as a high density, low friction plastic disc is 
nterpcsed between the surfaces 72 and 89 to. permit the ^JlVo 
61 to aasny rotate within the carrier assemblies 84 85 

95 that are diametrically opposed to each other and e«end outward 
15 from the outer side wall 88 and extend through the housing walTlZs 
mustrated in Hgs. 2 and 3. The trunnion elements 94 Id 95 
support the assemblies 84 and 85 <,o +1.=.+ 

^° assemblies 84 and 85 are 

^ab^ to ^ther route about or move a:..liy .,3p,ct to the ml 

20 Td 85 toT P^^™" — blies 84 

20 and 85 ,0 be p.„ted about tilt a.xes 97 in „Mch the tilt ares 
»terse=t and are perpendicular to the main a^s of the main sh ftT 
Th? ~n elements 94 and 95 extend through bearing openings 100 
and 101 respectively formed in the housing wall ,5. tL b«rL! ' 
openu,gs 100 and 101 have bearing means 103 formed therei! to IZe 
25 the trunnion elements to be readily rotated about the tut axL Tto ' 
pivot or tilt the annular barrel carrier assemblies 84 andTs Lh^ 
respect to the til. axes 97. The trunnion elements 94 and 95 s:pport ' 
«^e annular barrel carrier assemblies 84 and 85 centered with r^t 
to the maan shaft 17 so that the barrel axes 62 ■ 
30 mth the tilt axis 97 .^^ ,„ comtersect 

Preferably tie ^rel ax" 62 aLTr " 

(Fxgs. 3 and 4) „tth the main axis 18. The tilt axes 97 are 
preferably perpendicular to the plane 104. . 

The apparatus 10 further includes means 105 (Fig. 2) operativelv 
35 . opera, 

•he trunmon elements 94 and 95 to. pivot the annular barrel carLr 
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assemblies 84 and 85 either independently or in coordination with each 
other to var3rLng' ang-ular orientations with respect to the main axis 
18. For many applications it is desirable to pivot the annular barrel 
carrier assemblies 84 and 85 in unison so that both assemblies 84 and 
85 are at the same angle with respect to the main axis. Eig.. l .shovirs . 
5 the assemblies 84 and 85 at a V-shaped equal angular, configuration. ' 
However, Fig. 7 shows assembly 84 pivoted to an orientation 
substantially parallel v;ith assembly 85. However, • for other 
applications it may be desirable to angularly orient one barrel carrier 
assembly 84, 85 at a different angle with respect to the main axis 18 
10 depending upon the application a^id. enviaonuitjiit of use. 

For illustrative purposes, the means 105 includes levers 106 and 
107 that are connected to trunnion elements 94 for pivoting the 
respective barrel carrier assemblies 84, 85 about their respective tilt 
axes 97. In most applications, a control mechanism 108 (shown in 
IS block diagram form) is operatively connected to the levers 106 and 
107 to either operate the levers 106 and 107 in coordination witli each 
other or independently of eacli other depending upon the application. 
A wide variety of various controlled mechanisms 108, either mechanical 
or hydraulic or electrical, may be utilized for accomplishing the 
20 pivoting operation of barrel carrier assemblies 84, 85 to vary the 
volumetric fluid displacement and fluid flow of the apparatus to 
provide a continuously variable displacement hydraulic motor/pump 
apparatus. 

Each of the annular barrel carrier assemblies 84 and 85 includes 
25 a passageway 110 (Figs, 2-4) therethrough selectively communicating 
with the fluid ports 74 of the annular cylinder barrels 60 and 61 for 
enabling hydraulic fluid to pass to and from the piston cavities 65 . 
The passageway 110 includes a high pressure manifold cavity 112 
(Pig. 4) formed in the barrel carrier assembly 84, 85 on one side of 
JO the plane 104 as illustrated in Fig. 4. The high pressure manifold 
cavity 112 extends angularly about a segment of the carrier 
assemblies on both sides of the tilt, axes 97 terminating at ends 113 
and 114. In a preferred embodiment, the high pressure manifold 
cavity 112 extends approximately 54° to both sides of the tilt axis 97. 
'5 The passageway 110 further includes a low pressure manifold 

cavitj' 118 formed in the barrel carrier assemblies 84, 85 on the 
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fZTTf "'' substantially fla^etrically opposed 

^-n. the h.^h pras...e .„ifoM cavity 112. The ^a^ifold oaX 118 
extend, angularly about a se^^en. of the carrier assemblies on both 
s.des of the tn, a^ds 97 terminating at ends 120 and 121 In ^ 
pref^ed. -embodtaent. the low pressure manifold cavity 'extends 
5 approximately S7.o to both sides of the tilt axis 97. - The-- m^d 
cavities 112 and 118 selectively communicate with the fluid ports 74 to 
permit fluid to flow into and out of the piston cavities 65. The 
mrection of flow between manifold cavities 112 and 118 depend upon 
whether or not the apparatus 10 Is operating as a pump or operatLg 
.10 as a motor. When the apparatus 10 Is operating as a motor, the fluil 
d.re=bon is fi-om the high pressure manifold cavity 112 to the low 
pressure manifold cavity 118. m,en the apparatus is operating as a 
pump the fluid flow is from the low pressure manifold cavity 118 to 
he tagh pressure manifold cavity 112. For purposes of illustration. 
15 the portion of the apparatus including the barrel 80 and the carrie; 
assembly 84 will be referred to as Dnlt A and the portion of the 

,„ J''^ P^=«2="ay 110 further includes flow channels 123. 124 (Hj 
!Id n8 pressure manifold cavities U2 

and 118 respectively and through the Interior of the barrel carrier 
assembles 84. 85 and through the trunnion elements 94 95 " 
hydraulic fluid fixture elements 128. 129 respectively. The hydraulic 
nuid future 128 communicates ■ with the high pressuL manilM ca^ 
25 112 and may be referred to as the high -pressure hydraulic comiection 
flxtur, and the hydraulic fluid fixture 129 communicates with the Tow 
pressure manifold cavity 118 and may be referred to as the low 
pressure hydraulic connecting fixture. . 

30 manv'"'' ^^-'"-"^'y '^-^'tile and may be utilized in 

30 many various configurations. For example, an apparatus may b" 
operated as a pump in which both Units A and B are set at Lual 

TZ B ' ^ r"^™" °= - 1 in wM=h the units 

A and B are driven by the main shaft 17. As the shaft IT rotates 

rotate as illustrated in Figs. 3 and 4. hydrauHc fluid Is progressively ' 
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drawn, in th.roug'Ja the low pressure manifold cavity 118 and delivered 
to the fluid ports 74 as the volume between the pistons 51, 52 and 
wall 77 expands. As the piston rods -pass through the lower portion 
of the plane 104 as viewed in Fig. 4, the fluid is transferred to the 
high pressure- naarufold- cavity 112 where it is progxessively-r 

5 compressed as the barrel carrier assemblies 84, 85 -.move. axiaHy to/ 
compress the fluid between the pistons 51, 52 and the piston cavity 
walls 77. The fluid is permitted to exit from the high pressure 
manifold 112 out through the high pressure hydraulic fluid fixture 
128. The high pressure fluid from the high pressure fixture 128 may 

10 be directed to separate receiving sysienis ox* Liie outpuLii Xxoui Llie 
. Units A and B may be intercoimected to provide a single outflow from 
the apparatus, 

, It should be. noted 'that equal and opposite pressure -is exerted 
on the respective ends of the piston rods 37 so that very little if any 
15 resultant axial force is exerted on the shaft 17. Consequently, the 
shaft 17 and the thrust bearings 26 and 27 may be considerably 
smaller than previous prior art- axial piston variable displacement 
units. 

The apparatus 10 may be operated with both of the Units A and 
20 B at equal angles as illustrated in Fig. 1 with substantially the same 
displacement output from each Unit A and B. Or one of the elements 
A or B may be tilted at a different angle to provide for differential 
flow patterns* Additionally, it should be noted that eitlier Units A or 
B may be pivoted to an over center arrangement to rapidly reverse the 

25 flow from such unit as illustrated in schematic sketch 7. In schematic 
sketch 7, Units A and B are placed in a parallel orientation so that 
fluid is flowing in one direction through Unit A and in an opposite 
direction through Unit B. It should be also noted that the axial 
forces on the units are counterbalanced so that the axial thrust 

30 forces on shaft 17 approach zero even though bending forces are 
exerted upon the shaft 17 in the configuration shown in Fig. 7. 

. The shaft 17 may be double ended as illustrated in Fig, 1 having 
an input /output capability at both ends, or the sheift may have a 
single output /input connection depending upon the desired 

35 application. It should be noted that the axial forces on the piston 
rods are counterbalanced so that very small axial forces are exerted 
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™ the shal. 17. Th, .n^^ax orientation of tha Umt= A and B .ay 

flows rapidly and efficiently adjust the speed of the shaft 17 and 
-pidly and efBciently vaxy the fluid displacement fro. the Units ^ 
B. The apparatus 10 provides a oonfinuously ' variable 
displacement hydraulic fluid pun,p/.o.or apparatus that has a wide 
range of appBcations. 

A further application is illustrated in" Fig. 7 in which the shaft 

10 n Tl "°* " " that one of the 

10 On„s A or B operates as a motor in which a hi,h pressure fluid is 
W led to the high pressure manifold cavity 112 ,o generate a torque 
on the main shaft 17 which is transmitted through the piston rod 
s^PP»n means 35 to rotate the piston rods 37 about the shaft a^s 18 
to cause fluid to be pumped from the otHer Unit A or B 

" totallv"""""""'' "^^^^^ - = P^P. or 

ot^y as a motor, or as a combination motor and pump in whic^ one 

of .he elements A or B serves as the motor and the ether element B 
or A serves as the pump. The torque of the motor unit may be 
adiusted by the angular orientation of the motor unit and the Jd 
20 displacement may be varied hv tv,. . , ■ " me uuid 

element. ^ orientation of the pump 

It should be also noted that a relatively small amount of mass is 
bemg rotated which enables the unit to be bull, in a very comoac 
housmg having a very high torque to weight ratio and a Mgh 
displacement to weight ratio which results in considerable savings 
Furthermore, the unit is considerably less sensitive to hy^^; 
contamination than other a^al pump, elements since the forle^ 
considerably reduced. Jorces are 

30,r=nJ" ""^'^^^^ embodiment above described.' the torque 

tr^sf r means utili.es the piston rod carrier 30 to indirectly connlct 
he rotatnig barrels 60 and SI and the main shaft 17 for trlsferrirg 
orque hetween the shaft and the rotating barrels 50 and 61. oth"r 
emboan,ents may include more direct connections between the rotating 

r„ltT. ^ide means 39 may be 

mounted to the housing for preventing axial movement of the piston 
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It should be understood that the above described embodiments 
are simply illustrative of various alternatives and numerous other 
alternatives and variations and embodiments may be readily devised 
by those skilled in the art without deviating from the principal" of. ! the 
5 invention. Only the following- claims are intended to limit: and. define.' 
the invention. 
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Claims 



1. A positive displacement fluid motor /pump apparatus 

comprising^: i:^<»-j-ciLus, 

a main housing: 

a .ain shaft rotatably mounted within the main housing for 
5 rotation about a main axis; ^ 

two opposing annular cylinder barrels surrounding the- main" 
Shaft at axially spaced locations along the main axis; 

each of the. annular cylinder barrels having a plurality of 

jtl: fh -T -™ to per.it z Of tiuid : 

and from the piston cavity; 

a plurality of -double ox>ded pW rod assanblies extending 
-ally alon^ me .ai. shaf. between the axially spaced ZZl 
=y.„aer barrels at an^larly and radially spaeed locations abo« the 

15 main axis; °.uoul tne 

means for preventing the piston red assembHes ,ron> n,ovine 
axially mth respect to the main axis; . ^ 

end that is received in a corresponding piston cavity 

two barrel carrier assemblies mounted about the main shaft at 
spaced locations alon, the main axis for receivinrand 
rotatably supportiiig corresponding annular cylinder barrels to enaTl! 
«ie annular cylinder barrels to rotate in an orbited path about te 

main mne- • *^ '-'^i^t. uie 



20 



main axis; 

25 



saad annular barrel carrier assemblies having fluid paassageway 
.eans formed therein for communicating with the fluid porxs of thi 
piston cavities to permit fluid to flow through the fluid passageway 
means and fluid ports to and from the piston cavities- 
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said, anmiiar barrel carrier assemblies having- trunnion elements 
mounted to the housing for stationarily supporting- the annular barrel 
carrier assemblies to prevent their rotation about the main axis and 
for enabling tlie. annular barrel carrier assemblies to orient tlie 
opposing barrels at acute angles with respect to the' main 'axis:' to" ' 

5 cause the barrels to rotate in eliptical orbital paths with, respect to 
the main axis to vary the axial movement of the piston cavities with 
respect to the axially stationary pistons as the main shaft rotates to 
positively displace fluid to and from the piston cavities; and 

torque transfer means operatively interconnecting- the c^^^linder 

10 barrels and the main shaft for transmitting rotation therebetween to 
provide a positive displacement fluid motor/pump apparatus, 

.2, The fluid pump /motor apparatus as defined.- in . claim 1 
wherein the annular barrel carrier assemblies support- the annular 

15 cylinder barrels for rotation in annular paths coaxially about barrel 
axes that intersect the main axis, with the barrel axes and the main 
axis lying in a common plane and wherein the trunnion elements are 
rotatably mounted to the housing to pivot the annular barrel carrier 
assemblies about tilt axes that cointersect the main axis and the 

20 barrel axes to vary the angular displacement of the barrel axes with 
respect to the main axis to vary the amount of fluid flowing to and 
from the piston cavities. 

3. • The fluid pump /motor as defined in claim 2 wherein the fluid 
25 passageways include an input fluid manifold on one sid.e of the 

common plane and an output fluid manifold on the opposite side of the 
common plane for sequentially communicating with piston cavity ports 
as the. annular cylinder barrel rotates with respect to the supporting 
annular barrel carrier assembly . 

30 

4. The fluid pump /motor apparatus as defined in claim 2 
wherein the trunnion elements are adapted to pivot the annular barrel 
carrier assemblies to vary the angular displacement of the barrel axes 
to opposite sides of the main axis to reverse the directions of flow of 

35 the fluid to and from the piston cavities. 
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The fluid- pump/motor apparatus as defined in claim l 

TJ" T "'""'^ - -nuiar side 

be^g „ai^ and an outer end bearing waii and wherein each annular 
barrel earner assembly has a cup shaped housing with an Inner 
annular -^^^ bea^S »all for recei^^ the outer annular side bearing 
wsu Of the -barrel and an inner end bearing wall for receiving the 
other end bearinj waU of the barrel to support the annular cylinder 
barrel therein- y-^iiuex- 



10 



15 



6. The fluid pump/motor apparatus as defined in claim 5 
wherexn each annular barrel carrier assembly has bearing oaea^s 
interposed between the outer end bearing waU of the barrel and the 
inner end bearing waH of the annular tilt bearing assexnbly to enable 
the. annular cylinder barrel to freely rotate with respect to the 
supporting annular barrel support. 

7. The fluid pump/motor apparatus as defined in clada, 3 
^erea the fluid passagreways further include fluid entrance and fluid 
t^ -"-"-eating With the fluid manifolds and extending 

20 flrra„rids~ '° '° 

8. The iluld pump/motor apparatus as defined in claim 1 further 
charac.eri.ed by a control means operatiyely connected to at least one 

25 b rrT " '^'^ '"^ -""^ 

barn carrier assembly about the til, axis to vary the tilt of the 

crcular path of the corresponding annular cyBnder barrel to yary tte 

^o^t Of fluid flowing to and from the piston cavities and to yl 

the darect,o„ of flow o, the fluid through the fluid passageways. 

30 9. The fluid pump/motor apparatus as defined in claim 1 

Wherein the means for preventing a.ial movement of the piston and 

Inabli ?s ^^"'"^ restrictive ^de means for 

enabhng .he paston rod assemblies to move radiaBy with respect to 
the maui axis and for preventing the piston rods from moving axially 
35 with respect to the main axis. ^ ^ 
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10- The fluid pump/motor apparatus as defined in claim 9 
wherein the restrictive guide permits the piston rods to pivot about 
intermediate axes transverse to the main axis to enable one end of 
such a piston rod assembly to move radially outward from the main 
axis and the other end of each piston rod assembly to move : radially - 
5 inivard toward the main axis when one of the annular", tilt bearing' 
assemblies is pivoted about its respective tilt axis. 

11. The fluid pump/motor apparatus as defined in claim 9 
wherein each piston rod assembly has an abutment means intermediate 

10 its ends and wherein the restrictive gxdde includes radially ex Lending' 
slot means defining* the shoulder means with the radially extending 
slot means receiving intermediate sections of the piston rods to enable 
the. piston rod assemblies to move radially within the slot means with 
respect to the main axis with the abutment means engaging the 

15 shoulder means to prevent axial movement. 

12. The fluid pump /motor apparatus as defined in claim 9 
wherein the restrictive means permits the piston rod assemblies to 
move circumferentially a . limited distance with respect to the main 

20 shaft to accommodate eccentric movement of the pistons within the 
piston cavities. 

13. The fluid pump /motor apparatus as defined in claim 11 
v/herein each abutment means includes a spherical shaped enlargement 

25 intermediate the ends of the piston rod assembly and wherein the slot 
means includes cylindrical surfaces extending radially from the main 
axis for receiving the spherical shaped enlargement to enable the 
piston rods to slide radially with respect to the main axis and to 
prevent axial movement of the piston rods with respect to the main 

30 axis. 

14. The fluid pump /motor apparatus as defined in claim 1 
wherein the main shaft is supported within the housing by bearings 
adjacent each end of the shaft with no bearing support intermediate 

35 said ends. 
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15. 



wherete Je'^V^l f'^'"""'"' ^PP^-*"^- - defined In olain, 1 
housing for connection to drive shafts. 

16. The flnid purop/motor apparatus as defined in claim L 
»heren, the tcrq.e transfer .eans includes a radia, wheel exfe^^^, 
between the „ain shaft and the piston rod asse..iies for trrsfrrl" 
torque therebetween. transieirmg: 
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